Context. Rapid advancements in light-curve and radial-velocity curve modelling, as well as improvements in the accuracy of observations, allow more stringent tests of the theory of stellar evolution. Binaries with rapid apsidal advance are particularly useful in this respect since the internal structure of the stars can also be tested. Aims. Thanks to its long and rich observational history and rapid apsidal motion, the massive eclipsing binary Y Cyg represents one of the cornerstones of critical tests of stellar evolutionary theory for massive stars. Nevertheless, the determination of the basic physical properties is less accurate than it could be given the existing number of spectral and photometric observations. Our goal is to analyse all these data simultaneously with the new dedicated series of our own spectral and photometric observations from observatories widely separated in longitude. Methods. We obtained new series of UBV observations at three observatories separated in local time to obtain complete light curves of Y Cyg for its orbital period close to 3 days. This new photometry was reduced and carefully transformed to the standard UBV system using the HEC22 program. We also obtained new series of red spectra secured at two observatories and re-analysed earlier obtained blue electronic spectra. Reduction of the new spectra was carried out in the IRAF and SPEFO programs. Orbital elements were derived independently with the FOTEL and PHOEBE programs and via disentangling with the program KOREL. The final combined solution was obtained with the program PHOEBE . Results. Our analyses provide the most accurate value of the apsidal period of (47.805±0.030) yrs published so far and the following physical elements: M1 = 17.72 ± 0.35 M⊙, M2 = 17.73 ± 0.30 M⊙, R1 = 5.785 ± 0.091 R⊙, and R2 = 5.816 ± 0.063 R⊙. The disentangling thus resulted in the masses, which are somewhat higher than all previous determinations and virtually the same for both stars, while the light curve implies a slighly higher radius and luminosity for star 2. The above empirical values imply the logarithm of the internal structure constant log k2 = −1.937. A comparison with Claret's stellar interior models implies an age close to 2 × 10 6 yrs for both stars. Conclusions. The claimed accuracy of modern element determination of 1-2 per cent still seems a bit too optimistic and obtaining new high-dispersion and high-resolution spectra is desirable.
Introduction
The initial motivation of this study was to search for possible line-profile variability in early-type binary systems, and to derive new orbital and physical properties of stars in eclipsing binaries. This project (known as SEFONO) has been discussed in detail in the first two papers of this series devoted to V436 Per and β Sco (see Harmanec et al. 1997 and Holmgren et al. 1997 ). This paper is devoted to a detailed study of the astrophysically important high-mass eclipsing system Y Cyg. While compiling and analyzing the rich series of its observations, we realised that for such a well-studied system it is valuable to investigate how sensitive the determination of its basic physical properties is to the various assumptions about the input physics and also to the methods of analysis used.
Y Cygni (HD 198846, BD+34 • 4184) is a very interesting system from the point of view of the theory of stellar structure. It is a double-lined spectroscopic and eclipsing binary with an eccentric orbit of 2.996 d and a relatively rapid apsidal motion (P aps. = 48 yrs). Y Cyg was among the very first binaries for which the apsidal motion was convincingly detected. Thanks to this, it became the subject of numerous studies. The history of its investigation is summarised in the papers by and Holmgren et al. (1995) and need not be repeated here. We only mention some more recent studies relevant to the topic. Simon & Sturm (1992 ) developed a new technique of spectra disentangling, which permits the separation of the spectra of binary components with a simultaneous determination of the orbital and physical elements. applied this technique to a study of Y Cyg. Comparing the disentangled and synthetic spectra, they obtained a new estimate of the T eff and log g for both components. New orbital elements of Y Cyg were derived from the published radial velocities (RVs) of by Karami & Teimoorinia (2007) , who used a least-squares technique, and by Karami et al. (2009) , who used the artificial neural network method and who arrived at virtually identical masses for both stars.
Several authors argued in favour of the presence of stellar wind in Y Cyg. Morrison & Garmany (1984) studied and modelled the resonance C IV and N V UV lines in the spectra from the International Ultraviolet Explorer (IUE). They found the lines are blue-shifted for some 160 km s −1 with respect to photospheric lines, derived a terminal velocity of 1500 km s −1 , and estimated a rather moderate mass-loss rate of 10 −8.4 M ⊙ yr −1 . Koch & Pfeiffer (1989) studied polarimetric changes of Y Cyg and concluded that there is some evidence of hot material between the stars, although they admitted that the observed variations are not large, and argued again in favour of the presence of stellar wind. Their B-band polarimetric observations were later re-analyzed by Fox (1994) , who could not find any periodicity related to the binary orbit. He noted that there was some evidence from observations close to binary eclipses that one of the stars possesses a stellar wind. Finally, Pfeiffer et al. (1994) studied and modelled the stellar wind from the UV line profiles of C IV and Si IV. To this we should add that our Hα spectra do not show any detectable emission.
In spite of all the efforts, the basic physical properties of the system have not been derived accurately enough. This is mainly because of the awkward orbital period that is very close to 3 days. Another complication is a close similarity of the spectra of both stars and a mass ratio near 1.0 . In Table 1 we summarize the values of the mass ratio and individual masses derived by various investigators. Since different investigators of Y Cyg have identified the primary and secondary differently, we shall not use the terms primary and secondary, but will call the components star 1 and star 2, with the convention that the minimum RV of star 1 occurs near JD 2446308.97 for the sidereal orbital period of 2.99633179 d (see below).
Usually, the apsidal motion was investigated on the basis of existing times of photometric minima. In spite of the obvious importance of this binary, no really complete light curve has been obtained within one specific epoch, and a light curve in a standard system has not been obtained yet. This has prevented the determination of the individual colours of the binary components, and therefore their temperatures.
There are several motivations for this study.
1. write in their section on photometry: "We do not consider this photometric solution to be definitive and hope that Y Cyg will be observed again over a 4 year span in a fully calibrated system." We circumvent this requirement by combining our efforts from three stations, suitably separated in local time. In 1999, we obtained calibrated U BV photometry of the binary from North America, Europe, and Korea. Additionally, we also have new Reticon and CCD spectra of Y Cyg at our disposal. 2. For such an astrophysically important system, it was deemed useful to explore the effect of different physical assumptions and different methods of analyses on the result and to see what accuracy in the determination of the basic physical properties can actually be achieved. 3. We profit from having at our disposal the reduction procedures that allow separate or simultaneous RV and light-curve solutions, with the rate of apsidal advance as one of the elements of the solution. This gives us the chance to use all available, as well as our new observations in the determination of all basic physical elements of the binary with an unprecedented accuracy and to define a more or less definitive orbit. 4. Thanks to the disentangling technique, we are also able to test for the presence of rapid line-profile changes, which could be related to forced non-radial oscillations.
Here, we report our results.
Observations and reductions

Spectroscopy
Spectroscopic observations at our disposal consist primarily of the following three series of electronic spectrograms obtained at Dominion Astrophysical Observatory (DAO):
-43 Reticon blue spectra already used by ; -9 Reticon blue spectra obtained with the 1.83 m reflector and 21121 spectrograph configurations by DH; -19 red CCD spectra secured by SY with the 1.2 m reflector.
For further details on the DAO 21121, 21181 and 9681 spectrographs, we refer the reader to Richardson (1968) . ; H... Burkholder et al. (1997) ; I... and this paper; J... this paper Additionally, we also used two CCD spectra secured by MW at the coudé focus of the Ondřejov 2 m reflector.
In all cases, calibration arc frames were obtained before and after each stellar frame. During each night, series of ten flat-field and ten bias exposures were obtained at the beginning, middle, and end of the night. These were later averaged for the processing of the stellar data frames. For the 1.83 m data, exposure times ranged from 15 to 30 minutes, with the signal-to-noise ratio (S/N ) between 70 and 150, while for the 1.2 m data exposure times of 20 minutes were used, giving S/N between 32 and 180. The data obtained by DH were re-reduced by SY with IRAF, from initial extraction and flat-fielding up to wavelength calibration. The Ondřejov spectra were also reduced this way by MŠ in IRAF. Continuum rectification of all spectra and cleaning from cosmic ray hits (cosmics) was carried out by PH using the program SPEFO (see Horn et al. 1996; Škoda 1996) . Following Horn et al. (1996) , we also measured a selection of good telluric lines in all red spectra and used the difference between the calculated heliocentric RV correction and the mean RV of these telluric lines to bring all red spectra into one RV zero point.
To be able to derive the new, most accurate value of the rate of apsidal advance, we also compiled all available RVs from the astronomical literature, which can be found in Table 2 . Here, and in several other tables we give the time instants in an abbreviated form: RJD = HJD -2400000.0. We could not use three 1913-1914 Mt Wilson RVs published by Abt (1973) since they obviously refer to unresolved lines of both stars. A few comments are appropriate. For the older DAO data, we adopted the re-measurement by Redman (1930) . For those McDonald RVs that were measured more than once, we calculated and adopted mean RVs for each multiple measurement. The only exception was the spectrum taken on Jul 7, 1957 at 10:31 UT for which Huffer & Karle (1959) measured very deviating values. We adopted the original RVs from Struve et al. (1959) for this particular spectrogram. We also omitted the McDonald spectrum obtained on May 1, 1957 (HJD 2436324.9349), for which Struve et al. (1959) tabulate a very deviant value, the same for both components (as also seen in their original phase diagram). For the new spectra at our disposal, the RVs were derived via Gaussian fits to the line profiles of He I 4026Å (blue spectra) and He I 6678Å (red spectra). Finally, for the electronic spectra at our disposal, we also derived new orbital solutions using the KOREL disentangling technique by Hadrava (1995 Hadrava ( , 1997 Hadrava ( , 2004b Hadrava ( , 2005 for several stronger lines (as discussed in detail below).
Photometry
Several photoelectric light curves of Y Cyg have been published. The star has also been observed by Hipparcos and new U BV observations were secured during the 1999 observing campaign in Hvar, Korea, and with the Four College APT in Arizona. Hvar observations continued in 2006 and 2009 . In 2006 , two eclipses in BV R were observed by PS. Basic information on all available data sets can be found in Table 3 and illustrative light curves based on our new observations are shown in Fig. 1 .
It was very unfortunate that different observers used different comparison stars, even the red ones. However, most of the data sets were obtained relative to HD 199007.
An important part of our new observations was, therefore, to observe all these comparisons and to derive their good all-sky UBV magnitudes. Adding these to the magnitude differences variable minus comparison allowed us to get many of the pub- lished data sets closer to the standard U BV system. More details on the data reduction and homogenization can be found in the Appendix. To derive new, improved values of the orbital and apsidal period, we also used the historical light curve by Dugan (1931) , adopting V =9 m .402 (based on the Hvar observations) for his comparison star SAO 70600 = BD+33
• 4062. We provide all individual, homogenised photometric observations together with their heliocentric Julian dates in Table 4 , which we publish in electronic form only.
Times of minima
We have collected all accurate times of primary and secondary mid-eclipses available in the literature and complemented them with the minima derived on the basis of our photometry. All photoelectric times of minima presented in Holmgren et al. (1995) (their Table I ) were included. Over 500 reliable times of the primary and secondary minima were used in our analysis. They now span an interval of about 125 years and are all listed in Table 5 (published in electronic form only).
Towards a new accurate ephemeris
To derive a new ephemeris including the rate of the apsidal advance, we decided to derive and compare the results of three Table 6 . Linear limb-darkening coefficients in the U BV passbands for stars with T eff near 30000 K and log g of 4.1 to 4.2 given by various authors
Al-Naimiy (1978) 0.27 0.32 0.32 Wade & Rucinski (1985) 0.23 0.29 0.29 Diaz-Cordoves et al. (1995) 0.29 0.34 0.34 Claret (2000) 0.33 0.37 0.38 independent determinations, based on (i) light-curve solutions, (ii) orbital solutions, and (iii) analyses of the times of minima.
To this end, we used two different computer programs, which are widely used and allow the calculation of the light-curve and orbital solutions: the program FOTEL, developed by Hadrava (1990 Hadrava ( , 2004a , and the program PHOEBE (Prša & Zwitter 2005 , 2006 based on the WD 2004 code (Wilson & Devinney 1971) .
We note that FOTEL models the shape of the stars as triaxial ellipsoids and uses linear limb-darkening coefficients while PHOEBE models the binary components as equipotential surfaces of the Roche model and allows the use of non-linear limb darkening laws. Both programs are, however, particularly well Notes. Solutions F1 to F4 are derived with FOTEL for the linear limb-darkening coefficients published by Al-Naimiy (1978), Wade & Rucinski (1985) , Diaz-Cordoves et al. (1995) , and Claret (2000), respectively (see Table 6 ). Solution P1 is derived with the program PHOEBE also using a linear law of the limb darkening and adopting Claret (2000) values. To save space, we only tabulate the basic elements of the solutions. suited for our task since they allow us to derive the rate of the periastron advance as one of the elements.
We first carried out some exploratory solutions to map out the existing uncertainties in the value of the orbital period and the rate of the periastron advance as well as the sensitivity to different limb-darkening coefficients found in the literature. To this end, we first derived various trial solutions independently for the photometric and RV data.
We used all photoelectric UBV observations in combination with Dugan's photometry. Altogether, this data set contains 4888 individual data points spanning an interval from HJD 2420777.6 to 2454405.3 i.e. over 92 years.
FOTEL exploratory light-curve solutions
The values of the linear limb-darkening coefficients given in various more recent studies are summarized in Table 6 . We estimated the values quoted from the paper by Diaz-Cordoves et al. (1995) via interpolation in their Table 1 after finding that their interpolation formula does not perform particularly well near T eff = 30000 K. To get some idea about how serious the uncertainties in the values of the limb-darkening coefficients are, we derived four exploratory solutions F1 to F4, using subsequently the linear limb-darkening coefficients from the four sources given in Table 6 .
In every case, we first derived a preliminary solution keeping the weights of all data subsets equal to one. Then we weighted individual data sets by the weights inversely proportional to the square of the rms error per one observation from that solution and used them to obtain the final solution. In practice, the weights ranged from 0.27 for Dugan's observations to 20.6 for the best photoelectric observations. All these exploratory solutions are summarized in Table 7 . Fortunately, it turned out that the difference between them was much smaller than the respective rms errors of all elements derived. 
PHOEBE exploratory light-curve solutions
For comparison, we also derived a joint exploratory solution, based on all available light curves, using a recent devel version of the program PHOEBE (Prša & Zwitter 2005 , 2006 and also using linear limb-darkening coefficients from Claret (2000) . This solution is denoted P1 in Table 7 and should correspond to solution F4 of that Table. Since PHOEBE also allows the use of several non-linear laws of limb darkening, we also compare (in Table 8 ) the PHOEBE solution for square-root limbdarkening coefficients adopted from Claret (2000) (solution P2) and square-root law from limb darkening tables, derived by Dr. A. Prša from the new Castelli & Kurucz (2004) model atmospheres. In this last case, the coefficients were interpolated after each iteration for the current effective temperature (solution P3).
FOTEL exploratory orbital solutions
We first derived the orbital elements from all available RVs assigning weight one to all of them. This initial solution is denoted "unweighted" in Table 9 . Then we assigned weights inversely proportional to the rms error per one observation from this solution to all ten subsets from different spectrographs and repeated the solution. This improved solution is denoted "weighted" in Table 9 . A few things are worth noting. It turned out that the RV measurements based on the Gaussian fits are by far the most accurate of all classical RV measurements. We also note a rather large scatter in the value of the systemic velocity from different instruments. We do not think this is indicative of a real change. It is more likely that this arises from different investigators using different lines (and perhaps different laboratory wavelengths). For O-type stars, the line blending due to line broadening can be quite severe. For instance, the He I 4026Å line is partly blended with a He II line, which probably explains the most negative systemic velocity for spectrograph (spg.) 9. On the other hand, the Table 9 . Exploratory FOTEL orbital solutions for all RVs found in the astronomical literature and measured via Gaussian fits in our new spectra. The numbering of the individual systemic velocities corresponds to that used in Table 2 . We note, however, that since the RV zero point of the red spectra was checked via measurements of a selection of telluric lines, the two Ondřejov spectra of spectrograph 11 were also treated as belonging to spectrograph 9. true systemic velocity is probably close to that of spg. No. 10; the RVs are based on the Gaussian fit to the He I 6678Å singlet line.
Since this last RV dataset is obviously the most accurate one, we also present (in Table 10 ) another FOTEL solution based on these RVs only, keeping the orbital period, eccentricity, and the longitude of periastron fixed from the solution P3 of Table 8 . A corresponding RV curve is in Fig. 2. Fig. 2 . The RV curve based on the RVs from Gaussian fits to the He I 6678Å line from our new electronic spectra. The data are plotted vs. phase of the sidereal orbital period, with phase zero corresponding to the primary mid-eclipse. The small dots denote the residua from the orbital solution. 
Apsidal motion from the analysis of the observed times of minima
To compare different approaches, we analyzed all available times of the observed primary and secondary minima. To derive improved estimates of the periastron passage for a chosen reference epoch T periastr. , sidereal period P sider. , eccentricity e, longitude of periastron at the reference epoch ω 0 , and the rate of apsidal advanceω (expressed in degrees per 1 day), we employed the method described by Giménez & García-Pelayo (1983) and revised by Giménez & Bastero (1995) . This is a weighted least-squares iterative procedure, including terms in the eccentricity up to the fifth power. The periastron position ω is defined by the linear equation
where E is the epoch of each recorded minimum. The relation between the sidereal period P sider. and the anomalistic period P anom. is given by
and the period of apsidal motion U in days by The orbital inclination i = 86.
• 6 was adopted on the basis of our trial light-curve solutions. The resulting elements with their errors are summarized in Table 11 and the corresponding O−C diagram is shown in Figure 3 .
More details about the apsidal-motion solution and the comparison of the present result with the previous studies of apsidal motion by Giménez et al. (1987) and Holmgren et al. (1995) can be found in a recent conference paper by Wolf et al. (2013) .
Adopted ephemeris
Comparing the results obtained in three different ways, which are summarized in Tables 7, 8, 9 , and 11, we conclude that PHOEBE solution P3 in Table 8 , based on several thousands of individual photometric observations spanning 33628 days and the most detailed physical assumptions, provides the best current ephemeris for the system. We adopt the period and the rate of the apsidal advance from this solution and we use them consistently in all the following analyses. We note that it implies the period of apsidal motion U = (47.805 ± 0.030) yrs.
Spectra disentangling for the electronic spectra
As already mentioned, we used the program KOREL developed by Hadrava (1995 Hadrava ( , 1997 Hadrava ( , 2004b Hadrava ( , 2005 for the spectra disentangling. Preparation of data for the program KOREL deserves a few comments. The electronic spectra at our disposal have different spectral resolutions. The DAO spectra with the dispersion of 20Å mm −1 (spg. 8 in Table 2 ) are recorded with a wavelength step of 0.3Å which translates to a RV resolution ranging from 22.7 km s −1 at the blue end to 19.9 km s −1 at the red red. The 15Å mm −1 DAO spectra (spg. 9 of Table 2 ) have a 0.235Å separation between two consecutive pixels which translates to 18.7 -16.8 km s −1 . The corresponding values for the red DAO and Ondřejov spectra are 0.150Å, i.e. 7.3 -6.5 km s −1 and 0.256Å and 12.3 -11.4 km s −1 . We note that KOREL and the Fast Fourier Transform (FFT) used in that program require that the input spectra are rebinned into equidistant steps in RV in such a way that the number of data points in each spectrum is an integer power of 2. We also note that the two subsets of the blue DAO Reticon spectra cover two overlapping spectral regions. For this reason, we investigated the following three spectral regions with KOREL, using the RV steps to satisfy the above conditions:
4003 -4180Å, RV step 14.2 km s −1 , 4175 -4495Å, RV step 11.5 km s −1 , and 6340 -6740Å, RV step 4.75 km s −1 .
We omitted the blue DAO spectra r3049 to r4136 (RJDs 46304.97 to 46330.78) that were used by , because there was a technical problem with the Reticon detector at that time and the spectra are very poor and strongly underexposed. We also omitted another very poor spectrum r7712 (RJD 46611.79). The rebinning was carried out with the help of the program HEC35D written by PH 1 which derives consecutive discrete wavelengths via
where λ 1 is the chosen initial wavelength, △RV is the constant step in RV between consecutive wavelengths, and λ n is the wavelength of the n-th rebinned pixel. Relative fluxes for these new wavelength points are derived using the program INTEP (Hill 1982) , which is a modification of the Hermite interpolation formula. It is possible to choose the initial and last wavelength and the program smoothly fills in the rebinned spectra with continuum values of 1.0 at both edges.
To take the variable quality of individual spectra into account, we measured their S/N ratios in the line-free region 4170-4179Å for the blue spectra, and 6635-6652Å for the red spectra, and assigned each spectrum a weight according to formula
where S/N mean denotes the mean S/N ratio of all spectra. Specifically, the S/N ratio ranged between 42 and 355 for the blue, and between 66 and 262 for the red spectra. We note that KOREL uses the observed spectra and derives both, the orbital elements and the mean individual line profiles of the two binary components. We first investigated the variation of the sum of squares as a function of the semiaplitude of star 1 and the mass ratio, considering our experience that the sum of squares has a number of local minima. These maps for the semiamplitude K 1 and the mass ratio q = K 1 /K 2 for all three considered spectral regions are shown in Figs. 4 and 5, respectively. They show that the most probable value of K 1 is around 245 km s −1 ; for q this is close to 1.01. The final KOREL solutions for the three available wavelength intervals were then derived via free convergency starting with the values close to those corresponding to the lowest sum of squares found from our two-parameter maps. We kicked the parameters somewhat from their optimal values and ran a number of solutions to find the one with the lowest sum of residuals in each spectral region. In the initial attempts, we verified that the values of e and ω from the KOREL solutions agree reasonably with those from the photometric solutions. To decrease the number of free paramaters, we also fixed the value of the orbital 1 The program HEC35D with User's Manual is available to interested users at ftp://astro.troja.mff.cuni.cz/hec/HEC35 eccentricity from the photometric solutions at 0.1451 and ran another series of KOREL solutions to find those with the lowest sum of squares of residuals. These were adopted as final and are summarized in Table 12 .
Final elements
To derive the final solution leading to the improved values of the basic physical properties of the binary components and of the system, we had to proceed in an iterative way. One of us (JN) has developed a program that interpolates in the grid of synthetic spectra and by minimizing the difference between the observed and model spectra, estimates the optimal values of T eff , log g, Table 13 . The final solution and absolute elements. Ω is the value of the Roche-model potential used in the WD program, and L i are the relative luminosities of the components in individual photometric passbands. They are normalised in such a way that L 1 + L 2 = 1.The system magnitudes at maximum light V 1+2 , B 1+2 , and U 1+2 are based on the PHOEBE model light curves for the calibrated Hvar photometry. v sin i, and RV. The program was applied to disentangled spectra of both binary components using the NLTE line-blanketed spectra from the O-star grid published by Lanz & Hubeny (2003) .
We then used the resulting T eff for star 1 and kept it fixed in the light-curve solution in the program PHOEBE. This time, we used only the UBV observations that we transformed to the standard Johnson system i.e. the data from stations 1, 16, and 78 plus two good-quality sets of BV observations (stations 71 and 75) and the R photometry from station 2 in Table 3 . We note that KOREL also allows the determination of RVs of individual components. However, when these RVs are used in FOTEL, they lead to an orbital solution, which differs somewhat from that derived by KOREL. The reason is that the RVs are derived from individual spectra (of varying S/N ratio), while the orbital elements in KOREL are given by the whole ensemble of the spectra, weighted by the square of their S/N ratio (cf. eq. 5).
We therefore adopted the mean values from the three solutions in Table 12 , K 1 = 244.7 ± 2.0 km s −1 , K 2 = 244.6 ± 3.1 km s −1 , q = 1.001 ± 0.015, to derive the semi-major axis a = (28.72 ± 0.22) R ⊙ . It was then, together with q, fixed in PHOEBE to reproduce the KOREL orbital solution.
For the eccentricity of 0.14508 one can estimate that the synchronization at periastron would require the angular rotational speeds of the binary components to be 1.354 times faster than the orbital angular speed. We fixed this value in PHOEBE. Using the radii of the components resulting from the PHOEBE solution, we estimate v sin i = 132 km s −1 for both binary components. When PHOEBE converged, we used the resulting log g and the relative luminosities L 1 and L 2 (expressed in units of the total luminosity outside eclipses) for both components and kept them fixed for another fit of disentangled spectra. A new value of T eff1 was then used in PHOEBE. We arrived at a final set of elements after three such iterative cycles. The final solution is presented in detail in Table 13 and the disentangled and model spectra are compared in Fig. 6 .
The dereddened colours of the binary components correspond well to their spectral class O9.5 and the solution implies a distance modulus of 10.9, consistently for both binary components. The corresponding parallax of 0.
′′ 00066 does not contradict the Hipparcos revised parallax of 0.
′′ 00080 ± 0. ′′ 00046 (van Leeuwen 2007a,b).
A negative search for rapid line-profile variations
To check whether or not line profile variability (LPV) is present in either component of Y Cyg, we first used KOREL to generate difference spectra for each component. This was done once the solutions had been converged properly. Essentially, KOREL shifts a recovered component line profile to the appropriate radial velocity, and then subtracts the line profile from the observed spectrum. If any LPV is present, it should be easily detectable in these difference spectra. The temporal variance spectrum TVS (Fullerton et al. 1996 ) was used to search for any signature of LPV in the He I 4388 line. This line was chosen because there are no nearby strong blends. Upon investigating both TVS plots, we conclude that no LPV, detectable at the level of accuracy of our data, is present. If LPVs were present, one would see sharp peaks in the TVS rising above the noise level at the location of the line, which is not the case. 
Conclusions
The results of a very detailed study of a huge body of spectral and photometric observations of an archetypal early-type eclipsing binary with a fast apsidal motion can be summarized as follows:
1. A comparison of separate analyses of radial-velocity and photometric observations and of recorded times of minima covering about 130 years shows that mutually consistent de- Fig. 7 . The comparison of the observed range of the logarithm of the internal structure constant with its theoretical value based on the evolutionary models of Claret (2004) , calculated for log M 1.2 and 1.3 (masses 15.85 M ⊙ and 19.95 M ⊙ , respectively). The observed and theoretical values agree for an evolutionary age slightly over 2 000 000 years.
terminations of the sidereal and anomalistic period and the period of apsidal-line rotation are obtained. The most accurate results are based on the PHOEBE analysis of all complete light curves. 2. The new values of masses, radii, effective temperatures, and luminosities of the binary components are now quite robust and indicate a close similarity of both bodies. However, it is a bit disappointing that these new solutions do not represent a substantial improvement over the previously published determinations. The problem arises partly from the fact that all electronic spectra at our disposal have a moderate spectral resolution (from 13000 to 20000), and partly in inherent problems on the side of theory. For instance, we were unable to achieve a perfect match between the disentangled and synthetic spectra. In addition, the true uncertainties in the estimated effective temperatures are surely much higher than the formal errors in the final solution. We note that estimated effective temperatures 31000 ± 2000 K and 31600 ± 2000 K and log g = 4.00 [cgs] and 4.00 [cgs] for stars 1 and 2, respectively. carried out a detailed comparison of the observed and synthetic NLTE spectra derived by Kunze (1990 Kunze ( , 1994 and arrived at T eff1 = 34200 ± 600 K, T eff2 = 34500 ± 600 K, log g 1 = 4.18 [cgs], and log g 2 = 4.16 [cgs] . As pointed out to us by Hubeny (2013, priv. comm.) , the theoretical spectra computed by Kunze do not include the metal line blanketing. This indicates that they probably overestimate the effective temperatures by as much as ∼2000 K. Even when one compares the synthetic spectra from the O-star grid, and the later published spectra from the B-star grid (Lanz & Hubeny 2007) in the overlapping temperature range, it turns out that the two sets of model spectra differ from each other since the B-star values are based on somewhat improved input physics. Clearly, without further progress in the model spectra, one cannot do any better. 3. We also note that our new masses, radii, and effective temperatures, together with the observed rate of the apsidal motion, imply the relativistic contribution to the apsidal motionω rel. = 0.0009645 • d −1 , i.e. about 4.6 % of the total observed rate of the apsidal rotation. This implies the ob-served value of the logarithm of the internal structure constant (average of the two nearly identical stars) log k 2 = −1.937 ± 0.011. In Fig. 7 we compare the range of this observed value (within the quoted error) with the evolutionary models of Claret (2004) . The observed and theoretical values agree with each other for an evolutionary age slightly over 2 × 10 6 yrs.
